Tomato steroidal glycoalkaloids (tSGAs) are a class of cholesterol-derived metabolites uniquely 20 produced by the tomato clade. These compounds provide protection against biotic stress due to 21 their fungicidal and insecticidal properties. Although commonly reported as being anti-nutritional, 22 both in vitro as well as pre-clinical animal studies have indicated that some tSGAs may have a 23 beneficial impact on human health. However, the paucity of quantitative extraction and analysis 24 methods presents a major obstacle for determining the biological and nutritional functions of 25 tSGAs. To address this problem, we developed and validated the first comprehensive extraction 26 and UHPLC-MS/MS quantification method for tSGAs. Our extraction method allows for up to 16 27 samples to be extracted simultaneously in 20 minutes with 93.0 ± 6.8% and 100.8 ± 13.1% 28 recovery rates for tomatidine and alpha-tomatine, respectively. Our ultra-high-performance liquid 29 chromatography tandem mass spectrometry (UHPLC-MS/MS) method was able to 30 chromatographically separate analytes derived from 16 tSGAs representing 9 different tSGA 31 masses, as well as two internal standards, in 13 minutes. Tomato steroidal glycoalkaloids that did 32 not have available standards were annotated using high resolution mass spectrometry as well as 33 product ion scans that provided fragmentation data. Lastly, we utilized our method to survey a 34 variety of commonly consumed tomato-based products. Total tSGA concentrations ranged from 35 0.7 to 3.4 mg/serving and represent some of the first reported tSGA concentrations in tomato-36 based products. Our validation studies indicate that our method is sensitive, robust, and able to be 37 used for a variety of applications where concentrations of biologically relevant tSGAs need to be 38 quantified. 39 40 Introduction 41
UHPLC-QTOF/MS Confirmation of tSGA Identities:
We verified the identities of our tSGA 147 analytes using an Agilent 1290 Infinity II UHPLC coupled with an Agilent 6545 QTOF-MS. 148 Identical column and chromatographic separation conditions were used as described above for our 149 MS/MS method. The QTOF-MS used an electrospray ionization source operated in positive mode 150 and data were collected from 50-1700 m/z for both full-scan and MS/MS experiments. Gas 151 temperature was set to 350 °C, drying gas flow was 10 L/min, nebulizer gas flow was 10 L/min, 152 nebulizer was 35 psig, and sheath gas flow and temperature was 11 L/min and 375 °C, respectively.
153
For MS/MS experiments on the QTOF-MS, identical parameters were used except for the selection 154 of tSGA masses of interest and a two-minute retention time window around each analyte to 155 maximize duty cycle of the instrument. Collision energy for all tSGAs was set to 70 eV and all 156 aglycones were fragmented with 45 eV. of five samples were prepared by substituting tomato for 5 mL of water for tomato and extracted 171 with the addition of 100 µL of the methanolic IS solution mentioned previously (spiked mock 172 sample). Percent recovery was estimated using the following equation: Intra/Interday Variability Experiments: Eight OH8245 tomato fruits were blended together and 5 176 g aliquots (± 0.05 g) were distributed among 18, 50 mL tubes, and frozen at -20 °C. Over three 177 days, six tubes were randomly selected from the freezer each day and tSGAs were extracted and 178 quantified as outlined above by a single individual. Intraday variability was determined by 179 computing the coefficient of variation for an analyte within a day. Interday variability was 180 calculated by taking the coefficient of variation of all samples run over the three-day period. , 2013 , 2008 Mintz-Oron et al., 2008; Moco et al., 2006 resolution mass spectrometry and some with MS/MS fragmentation (Iijima et al., 2013 (Iijima et al., , 2008 Zhu 207 et al., 2018) . However, we do not know the specific concentrations of tSGA accumulating in fruits.
208
To study tSGAs further, quantitative analysis methods are necessary. In order to maximize the amount of tSGAs detected and separated in our method, we first compiled a target list of readily detectable in our pooled tomato quality control samples were used in our final method.
229
While studied more extensively than many other tSGAs, we were not able to detect and quantify 230 beta-, gamma-, and delta-tomatine in our reference material.
232
Use of Internal Standards: We tested three, commercially available potato-derived alkaloids for 233 their suitability as internal standards to correct for inter and intraday variability created in the MS.
234
Alpha-solanine, alpha-chaconine, and solanidine (aglycone of alpha solanine) were selected based 235 on their similarity in structure, ionization efficiencies and retention times to tomato-derived 236 alkaloids. However, alpha-chaconine was excluded due to co-elution with alpha-tomatine. We which were ultimately used for quantification.
261
Since each SIR yielded multiple peaks, information from product ion scans was leveraged 262 to determine if each peak was actually a tSGA. Product ion scan experiments were created for each 263 mass of interest and multiple collision energies (20, 45, and 65 eV) were tested. The resulting 264 spectra generated for each peak allowed us to eliminate peaks that were isobaric with tSGAs of 2.1 x 100 mm, 1.8 µm), the BEH column was able to better resolve analytes of interest with a 303 particular benefit observed in the nonpolar aglycone steroidal alkaloids. We adjusted our gradient 304 conditions in such a way that all separation of analytes occurred within a six-minute window with 305 an additional five minutes devoted to cleaning and requilibrating the column to reduce carryover 306 (Fig. 2) . Additionally, the needle wash was set to rinse the needle and injection port for ten seconds 307 before and after an injection with 1:1 methanol:isopropanol to further reduce carryover. We 308 observed multiple peaks for many of our masses indicating the presence of multiple isobaric tSGAs 309 (likely including structural isomers) (Fig. 2) studies have shown that these compounds are stable up to 180 °C (Chungcharoen, 1988) .
376
Therefore, tSGAs may also have similar heat tolerance attributes and we speculate that these 377 analytes may remain unchanged in autosamplers well beyond the 12-hour time period we tested. 
